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Precision Vhermostat For High Temperatures 


An improved precison thermostat developed by Dr. 
Wm. R. Eubank, research associate with the Portland 
Cement Association fellowship at the National Bureau 
of Standards, provides smooth, continuous control of 
an electric furnace within a very small range at tem- 
peratures between 1,000° and 1,550° C. The device 
is of the type in which the furnace winding itself serves 
as the sensitive element, forming part of a bridge cir- 
cuit for control of a thyratron tube. The thyratron 
circuit then acts as a continuously variable valve, 
allowing just enough current to reach the furnace to 
compensate for a given temperature fluctuation. The 
new thermostat is highly sensitive and independent of 
normal fluctuations in line voltage. As it is convenient 
to operate, easily adjusted for any temperature, and 
reliable for periods of continuous operation from a few 
minutes to several days, it should provide a useful 
research tool in such fields as metallurgy, ceramics, 
glass technology, and cement chemistry, where auto- 
matic control of furnace temperatures has long been 
a problem. 

In exploring new compositions of glass, refractories, 
portland cement, and other industrial products at the 
National Bureau of Standards, systematic phase-equi- 
librium studies have been of great value. However, 
one important difficulty in this work has been the neces- 
sity of maintaining the specimen under study at a con- 
stant high temperature until a state of equilibrium is 
reached. Even small fluctuations in temperature may 
result in erroneous data, especially in multicomponent 
systems. In an effort to obtain better temperature 
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regulation than was possible with regulators currently 
in use, the Bureau initiated the development of an im- 
proved thyratron regulator for temperatures above 
1,000° C. The resulting circuit maintains furnace tem- 
peratures constant within +0.1 degree C for several 
hours, and within + 1.0 degree C for several days. 

In the Bureau’s thermostat, the output of an alternat- 
ing-current bridge, one arm of which serves both as a 
resistance thermometer and as a heater element for the 
furnace, is amplified and applied to the control grid 
of a thyratron. When the resistance of the furnace 
winding changes slightly with temperature, the result- 
ing unbalance of the bridge produces a difference in 
phase between the control voltage and the anode volkt- 
age of the thyratron. This phase difference deter- 
mines the firing period of the thyratron, and the thyra- 
tron action is reflected to the bridge circuit through a 
transformer, thus controlling the amount of energy 
supplied to the furnace.’ 

Power is supplied to the bridge circuit by a constant- 
voltage transformer. A variable autotransformer then 
reduces the voltage output of the voltage regulator to the 
value needed for a particular operating range. In 
series with the autotransformer primary is a variable 
resistance. ‘This resistance’is also connected in parallel 
with the 25-volt primary of a 250-volt-ampere trans- 
former, whose 1,000-volt secondary is in the plate cir- 
cuit of the thyratron. 


1 This type of circuit was first described by H. S. Roberts in Temperature: 
Its measurement and control in science and industry (Am. Inst. Phys.), 
pp. 604 to 610 (Reinhold Publishing Corp., New York, N. Y., 1941). 
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The thyratron controls the furnace current by chang- 
ing the impedance of the primary winding of the 
transformer. If the phase of the control voltage is such 
that no plate’ current flows in the thyratron, the trans- 
former is unloaded and its impedance is high. Under 
these conditions, a negligibly small magnetizing cur- 
rent flows in the primary. When the thyratron fires, 
however, the impedance of the primary becomes low 
relative to the variable resistance. The bridge current, 
and thus the current through the furnace, is thereby 
increased, nearly all of it passing through the primary 
of the transformer. Thus the transformer reflects the 
high-voltage, low-current characteristics of the thyra- 
tron switch into the power circuit as a low-voltage, 
heavy-current control. 

The four arms of the alternating-current bridge con- 
sist of the furnace winding (about 2 to 15 ohms), a 2- 
ohm resistor, a 2,000-ohm resistor, and a variable 
resistance consisting of a 5,000-ohm coil and a 10,000- 
ohm decade box inseries. The resistance of the furnace 
winding, which consists of about 100 g of 0.8-mm 
platinum—20%-rhodium wire, changes rapidly with 
temperature above 1,000° C and, except for aging 
effects, maintains a definite relation to the temperature. 
The high ratio between the resistance on the two sides 
of the bridge is possible because the amplifier is voltage- 
operated. 

Since alternating current is used, both the reactive 
and resistive components of the bridge must balance. 
For this reason, the resistance coils in the bridge, ex- 
cept those of the furnace, are noninductively wound. 
The reactance of the furnace is then balanced out by 
adjusting the variable secondary of a mutual induct- 
ance located in the same arm of the bridge as the 
variable resistance. In order to use the mutual in- 
ductance of various inductances, the primary winding 
is tapped at three points. 

The amplifier has a gain of about 6,000 and is of 
the conventional resistance-capacity coupled type. 
The thyratron tube employed is the sensitive, four- 
electrode 3D22. This tube, because of its inert gas 
content, has a control characteristic that is essentially 
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Electric furnace temperatures are maintained constant 
within a very small range at temperatures above 1,000° 
C. by means of an improved thyratron regulator (left). 
The thyratron, connected through a bridge circuit, con- 
trols the amount of energy supplied to the furnace. 
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independent of ambient temperature variations over a 
wide range. It also has such advantages as high cur- 
rent capacity, small preconduction or gas-leakage 
currents, low control-grid to anode capacitance, and 
low control-grid current. 

In practice, the furnace is first brought to approxi- 
mately the desired temperature by manipulation of the 
autotransformer. The variable bridge arm is then set 
at a value found by experiment to correspond to the 
temperature desired. During long periods of continu- 
ous operation the balancing resistance is usually ad- 
justed at about 3-day intervals to compensate for the 
drift in the resistance of the winding. 

In several hundred short quenching experiments last- 
ing from 30 minutes to an hour, average temperature 
variations with the thermostat correspond to 1 or 2 


microvolts in a platinum—platinum-rhodium thermo- 
couple (1uv=0.084 degree at 1,300° C). Dependabil- 


In the precision thyratron thermostat, furnace winding 
F constitutes one arm of an alternating-current bridge. 
This bridge, through an amplifier, controls the firing 
period of a 3D22 thyratron tube. When the thyratron 
fires, the bridge current, and thus the current through 
the furnace, is increased. 


ity for long experiments was demonstrated in constant 
control of a quenching furnace at 1,300° C for more 
than a month and at 1,350° C for 3 weeks. The aver- 
age of 20 consecutive fluctuations occurring overnight 
and during week ends was less than 0.5 degree C. 

An advantage in the use of the phase-controlled thy- 
ratron is gradual or proportional control, as contrasted 
to on-off control. Overshooting, which appears with 
on-off control, is greatly reduced. It is expected that 
the control circuit developed at the Bureau will find 
application in the regulation of other furnaces and in 
baths and heaters operating at lower temperatures. 
Heater elements, such as pure nickel or certain nickel- 
chromium alloys, which have sufficient change of re- 
sistance with temperature in the lower temperature 
ranges would, of course, be required in the latter 
applications. 


O io 
HOV AC SOLA 
60  |CONST VOLTAGE 


LINE REGULATOR 
—— 10 Lk”. ® 


2-KVA, VARIAC 


AMME TER 


FURNACE 


2-5 
/0 AMP. MAX. 


30H. }30 H. 
Q00 1 000 


Low-Temperature Potentialities of the 
Silicone Rubbers 


A recent investigation at the National Bureau oi 
Standards under the joint sponsorship of the Office of 
Naval Research and the Quartermaster Corps has shown 
that the silicone rubbers, developed especially for high- 
temperature applications, have better potentialities for 
use at extremely low temperatures than any synthetic 
or natural rubber studied thus far. This conclusion 
is based primarily on measurements” of the second- 
order transition temperature of the silicone rubbers by 
C. E. Weir, W. H. Leser, and L. A. Wood of the Bureau 
staff. 

The silicones are synthetic rubbers in which some 
of the carbon atoms normally present are replaced by 
silicon and oxygen. Since these materials are highly 
resistant to heat, retaining their elasticity and electrical 
resistance at temperatures as high as 200° C, they have 
been found especially well suited for hose and gaskets 
in airplane engines and for insulated cables. In recent 
years a need has also arisen for a type of rubber capable 


of withstanding low temperatures without loss of its_ 


characteristic rubber-like properties. Tires, belting, or 
other articles of ordinary rubber lose their elasticity 
around —50° C, presenting many difficulties in connec- 
tion with the operation of motor vehicles and machinery 
in the arctic or of airplanes at great height. To learn 
more about the possibilities of using the silicones for 
such ow-temperature applications, the National Bureau 
of Standards undertook an investigation to determine 
the lower limit of the temperature range in which they 
retain their characteristic elasticity. 

This lower limit was determined by locating the sec- 
ond-order transition temperature, a temperature at 

2 For further technical details, see Crystallization and second-order transitions 


in silicone rubbers, by C. E. Weir, W. H. Leser, and L. A. Wood, J. Research 
NBS 44, 367 (1950) RP2084. 


which a marked change in the slope of the length-tem- 
perature curve occurs. Such a change is observed in 
all rubbers and plastics and can be recognized as a dis- 
continuity in the derivatives of volume, heat content, 
index of refraction, compressibility, dielectric constant, 
and other quantities with respect to temperature. A 
second-order transition differs from the ordinary first- 
order transition, or change of phase, in that no volume 
change or latent heat is involved. However, below the 
second-order transition temperature the type of molecu- 
lar motion responsible for the useful properties of a 
rubber ceases, and the material behaves essentially as 
an ordinary solid. In practice a rubber becomes use- 
less for applications requiring long-range elasticity at 
temperatures somewhat higher than the transition tem- 
perature, the exact amount of the difference depending 
on the particular application. Thus in natural rubber 
the second-order transition temperature is at — 70°, but 
the rubber is seldom useful below about —55° C. 

In the Bureau’s investigation, the necessary thermal 
expansion measurements were made in an interferom- 
eter. Small slabs of rubber were placed between the 
two quartz interferometer plates. Then, as the tem- 
perature of the interferometer was changed, the rubber 
slabs contracted or expanded, changing the distance be- 
tween the plates and causing the interference fringes in 
the eyepiece to move relative to a fixed point of refer- 
ence. The temperature of the specimens was recorded, 
and the number of fringes passing the reference point 
was counted as the temperature was varied slowly from 
—196° C, the boiling point of liquid nitrogen, to 
100°C: | 

The silicone rubbers studied were all of commercial 
origin, and all except two, which were pure-gum sili- 
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cones, contained fillers and vulcanizing agents. Sey- 
eral of the samples were especially designed for low- 
temperature applications. As only small differences 
in transition temperature were observed among any of 
these samples, it was concluded that fillers and vulcan- 
izing agents have little effect on the second-order tran- 
sition temperature. Additional measurements on two 
commercial silicone rubbers not designed for low tem- 
peratures were in substantial agreement with those for 
the low-temperature silicones. 

One variety of low-temperature silicone rubber was 
outstanding in that its expansion curve was essentially 
linear from 100° C until the second-order transition 
temperature of approximately — 123° C was reached. 
Below this temperature a much lower coefficient of 
thermal expansion, more nearly like that of a rigid 
solid, was observed. AIlI other silicone rubbers studied 
likewise exhibited a second-order transition at approx- 
imately — 123° C, the lowest temperature at which such 
a transition has been observed in a polymeric material. 
However, the other silicones, on being cooled from 
room temperature, also went through a first-order tran- 
sition at temperatures varying from —65° C to 
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The first-order transition was observed experimen- 
tally as the very rapid passage of a large number of 
fringes past the reference point, while the temperature 
was varied over a narrow range. ‘This effect was inter- 
preted as corresponding to a considerable decrease in 
volume associated with partial crystallization of the 
amorphous silicone. The crystallization process pro- 
duces some stiffening and has apparently prevented the 


successful use of silicone rubbers below this tempera-. 


ture. However, the one variety that exhibited no first- 
order transition should have good possibilities for use 
at temperatures as low as — 100° C. 

On heating the partially crystalline material, melting 
was found to occur over a range of temperatures con- 
siderably higher than those required to produce crystal- 
lization. This behavior is analogous to that shown by 
natural rubber. The volume change of the pure-gum 
silicone rubber on crystallization or melting varied 
over a range from 2.0 to 7.8 percent. Between 0° C 
and —35° C, the expansivity of the pure material was 
about 40 10°/deg C. Similar data were obtained 
for the silicones containing fillers and vulcanizing 
agents, but the values obtained were lower because of 
the presence of these ingredients. 


Stress-Corrosion Resistance of Wrought 


Magnesium Alloys 


Magnesium alloys, because of their lightness—about 
two-thirds that of aluminum—high strength-to-weight 
ratio, easy machinability, and good weldability, are 
being used to an increasing extent in the fabrication of 
electronic equipment, ladders, aircraft parts, portable 
gangplanks, auto trailers, and numerous other articles. 
While commercial magnesium alloys are usually re- 
sistant to ordinary kinds of atmospheric corrosion, they 
may corrode seriously in certain industrial atmospheres 
or along the sea coast, especially if they are in direct 
contact with salt water. To learn more about the suit- 
ability of these materials for aircraft use, H. L. Logan 
and H. Hessing of the National Bureau of Standards, 
at the request of the Bureau of Aeronautics, Department 
of the Navy, have conducted an extensive investigation ° 


3 For further technical details, see Stress corrosion of wrought magnesium 
alloys, by Hugh L. Logan and Harold Hessing, J. Research NBS 44, 233 
(1950) RP2074. 
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of the resistance of wrought magnesium alloys to cor- 
rosion under stress both in a marine atmosphere and 
an inland atmosphere. Their results provide informa- 
tion of significant interest to makers and users of mag- 
nesium alloys and magnesium-alloy products. 

The Bureau’s investigation included both sheet and 
extruded alloys. The sheet materials were the M1, 
AZ31X, AZ51X, AZO1X alloys and a clad alloy in which 
a core of AZ31X sheet was sandwiched between two 
thin layers of the M1 alloy; extrusions studied were the 
ZK-60, AZ61X, AZ80X, and AZ80X—HTA. The tests 
were made with 14-inch reduced-section standard ASTM 
tension specimens for sheet metals, except that the grip 
ends were 1 or 1% inches wide, when possible, instead 
of the standard 34 inch. The purpose of this added 
width was to minimize the failure of specimens due to 
stress corrosion around the bolt holes. The specimens 
were exposed to the weather stressed in tension at the 
Nationa! Bureau of Standards in Washington and on a 
platform built out over the tide water, so that they were 
exposed in a marine atmosphere at Hampton Roads, 
Virginia. Unstressed specimens were subjected to the 
same corrosive conditions in order that the effect of 
stress in increasing corrosion damege could be eval- 
uated. Laboratory tests were also made by continuous 
immersion of stressed specimens in a sodium-chloride— 


Stress-corrosion racks on the reof of an NBS building 
were used in studying corrosion resistance of wrought 
magnesium alloys exposed to the weather under tension. 
Specimens were supported vertically (upper part of rack) 
and stressed by means of weighted levers (lower part). 
Solenoid counters (upper left) automatically record 
time of failure. 


potassium-chromate solution (NaCl, 35. e¢/liter; 
K,CrO,, 20 g/liter) and by intermittent immersion in 
a 0.01-percent sodium chloride solution. 

Specimens stressed by means of weighted levers were 
supported vertically in the test solutions in cells made 
of 60-mm Pyrex.cylindrical tubes fitted at each end into 
slotted Bakelite disks. Rubber gaskets placed between 
the Bakelite and the glass, and rubber stoppers molded 
with rectangular slots slightly smaller than the grip 
ends of the specimens, completed the cell assemblies. 
For the intermittent immersion tests, the corroding so- 
lution was raised into the cells by means of compressed 
air, wetting the specimens four times per hour. For 
weather exposure tests, the specimens were supported 
and stressed in a similar fashion but were left exposed 
to the atmosphere. Breaking of a specimen under 
stress automatically opened a knife switch in the cir- 
cuit of a solenoid counter actuated once every 6 min- 
utes by a clock. The time required for failure of the 
specimens was thus recorded in units of 0.1 hour. 
“Threshold” stresses, defined as the maximum stresses 
that materials can withstand without failure when con- 
tinuously immersed in the corroding medium for a 
fixed period of time, were determined as a measure of 
corrosion resistance in the NaCl+K.CrO, solution. 
Resistances to stress corrosion in intermittent immer- 


Accelerated tests of the stress-corrosion resistance of 
magnesium alloys were carried out by intermittent im- 
mersion in a sodium chloride solution (0.01%). Speci- 
mens were mounted in glass cells, and the solution was 
pve into the cells by means of compressed air (lower 
right). 


Close-up of stress corrosion crack in a specimen of 
wrought magnesium alloy exposed to the weather under 
tension at the National Bureau of Standards. 
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sion and weather exposure tests were evaluated from 
exposure periods to failure at given stresses. 
In general, the susceptibility of magnesium alloys to 


stress corrosion in the weather increased with 
aluminum content up to about 6.5 percent of aluminum. 
It was found that specimens stressed at the Washington 
(D. C.) weather exposure site failed in shorter periods 
of time than those exposed to the same stress in a ma- 
rine atmosphere. On the other hand, damage to 
unstressed specimens at the Washington site was small 
as measured by losses in tensile properties. Thus, the 
AZ31X-h material, after being exposed unstressed for 


Designations and nominal compositions * of the magnesium 
base alloys investigated 


Chemical composition 
(remainder, Mg) 
Designation 


Al Zn. Mn Zr 
7o % % % 
TK CONDE ere be ee RS 8 Soc Saeko s = Sail 0.07 0.6 
Wie Seen Oger eae ane eee ete = ae 1.5 2 
VAD. Ge x toe es eee he See ae 3.0 1.0 0.3 = 
PW AND a Se ee ee eae eee 5.0 1.0 Le S 
IN ZG Dk cae ees a en ye a eee 6.5 0.7 .2 ee 
(A780 Rete ee ee ee ee ee 8.5 5 w2 oi: 
M1-Clad AZ31X: 
Clade. a Se ee eee eee aoe a 1.5 en 
(Oia yee eR AS Be ee ee ny 3.0 10 0.3 pit 


a Nominal compositions given are those prevailing at the time the materials 
were received for test. ; , : J 
b Dow Chemical Co. designation; other designations are ASTM. 
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750 days, had a tensile strength of more than 94 percent 
of that of the unexposed material, and its elongation 
was still more than 85 percent of the original value. 

Of all the materials studied, the Ml-clad AZ31X—h 
alloy was the most resistant to stress corrosion. 
Specimens of this alloy were exposed in a marine 
atmosphere, stressed to 30,000 lb/in.2 (90% of the 
yield strength), for 500 days without failure. 

Among the bare alloys, the M1—h sheet and the ZK—60 
extruded material were outstanding in stress-corrosion 
resistance. After 1,175 days of exposure to the 
weather at Washington, D. C., under a stress of 16,000 
Ib/in.? (55% of yield strength), the M1-h sheet alloy 
had not failed. First failures of the ZK—60 extruded ma- 
terial exposed at the same locality under a stress of 20,- 


000 Ib/in.? occurred only after 580 days, whereas speci- 
mens of this alloy stressed to 18,000 Ib/in.? had not 
failed in more than 1,010 days. 

Of the remaining alloys, the bare AZ31X—h material 
proved the most resistant to stress corrosion. How- 
ever, specimens of this material stressed to 16,000 
Ib/in.? (about 50% of the yield strength) and exposed 
to the weather at Washington failed after an average 
exposure period of only 151 days. The AZ51X 
AZ61X, and AZ80X alloys were all susceptible to stress 
corrosion when exposed outdoors under stresses of 
20,000 Ib/in.2 or more. The extruded AZ80X ma- 
terial was more resistant to stress corrosion in the 
heat-treated and aged condition (AZ80X—-HTA) than 


in the “as extruded” condition. 


Chromatic Reflectance Standards 


Chromatic reflectance standards for photoelectric re- 
flectometers in the tristimulus colorimetry of reflecting 
specimens are now available from the National Bureau 
of Standards. These standards are intended for use 
with instruments designed to measure 45°0° directional 
reflectance and equipped with photocells, light source, 
and tristimulus filters that have spectral specifications * 
approximating the tristimulus values of the standard 
observer and coordinate systems of the International 
Commission on Illumination. The standards cover ten 
important commercial colors. 

Since the spectral response functions for the source- 
filter-photocell combinations generally do not duplicate 
exactly the corresponding functions obtained by com- 
bining ICI tristimulus values and illuminant C, the 
differences may cause error in color measurement. 


*NBS Circular C429, Photoelectric tristimulus colorimetry with three filters. 


Sets of calibrated chromatic reflectance standards have 
been prepared for use with the multipurpose (illustrated) 
or other reflectometer employing similar blue, green, and 
amber source-filter-photoceil combinations. Each set 
consists of ten standard colors for kitchen and bathroom 
accessories. The colors are designated white (00), bath 
green (12), kitchen green (15), orchid (20), ivory (31), 
maize (35), bath blue (40), delphinium blue (41), royal 
blue (45), and red (70). 
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However, if the difference in spectral selectivity be- 
tween specimen and standard is small, the error in color 
measurement will also be small. The standards there- 
fore will permit much more accurate color measure- 
ment of certain chromatic specimens than has been 
possible with the neutral (white, grey, black) series of 
standards available since 1945. 

The chromatic reflectance standards were assembled 
originally in 1938, and promulgated as NBS Commer- 
cial Standards CS62—38 and CS63-38 to provide per- 
manent near duplicates of each of ten colors selected 
as standard colors for kitchen and bathroom accesso- 
ries by the National Retail Dry Goods Association. Be- 
cause these standards represent ten colors of commer- 
cial importance, they make a good choice for chromatic 
reflectance standards. The standards may be ordered 
from the National Bureau of Standards, Washington 25, 
D. C., for $75.00 per set. 

Each set consists of ten 3- by 5-inch porcelain-enam- 
eled-iron panels having the colors, etched designations, 
and nominal values of reflectance and chromaticity’ 
given in the accompanying table. The standards are 
measured for 45°0° directional reflectance on a multi- 
purpose reflectometer equipped with tristimulus filters. 
Instrumental calibration errors are eliminated by com- 
paring the panels directly with the NBS reference 
standards. Values of the directional reflectance are 
obtained in percentage relative to magnesium oxide as 


Colors, designations, reflectances, and chromaticity 
coordinates of standards 


Gi Reflectance 
tche 
designation x 4 
Blue | Green |Amber 
i L3 % % % 
Wihite=s.os=-— 6 SKC-SBC-00 72 73 73 |0.311) 0.320 
Bath green_____| SBC-12 22 31 24 . 290) . 384 
Kitchen green__| SKC-15 22 34 29 .315] .389 
Orchid= saa SBC-20 36 32 36 . 324] . 289 
LVOr yee ee SKC-SBC-31 31 bys 62 . 373} .383 
Maizegeenaas SBC-35 21 54 61 . 405} . 410 
Bath blue-__-_- SBC-40 37 24 20 . 254} . 263 
Bore hay m | SKC-41 37 16 12 . 209) . 215 
ue. 
Royal blue___._| SKC-SBC-45 18 4.3 3.6 | .185) .145 
Reds ete SHO O7/(VE ee eee leo 7.3 19 NO32 ron 


Spectral reflectance curves have been drawn for each 
color of the set of ten kitchen-bathroom chromatic re- 
flectance standards. These curves indicate the nominal 
spectral directional reflectance in percentage relative to 
magnesium oxide as 100 percent. They are of impor- 
tance because accurate tristimulus colorimetry at present 
can only be done with standards having nearly the same 
spectral selectivity as the specimens. 


100 percent for the blue, green, and amber tristimulus 
filters. The values for the green filter are the luminous 
directional reflectances for ICI illuminant C. 

Although the standards have been selected for their 
superior surface uniformity, a certain amount of non- 
uniformity is unavoidable. The central area of each 
panel is measured so that the direction of illumination 
follows that of the arrow engraved on each standard. 
For most precise results, standards should be posi- 
tioned as they were during the original calibration. 

The uncertainty in the reported values of directional 
reflectance varies approximately from 1 percent of the 
value for high reflectances to 10 percent of the value 
for low reflectances. Experience with porcelain-en- 
ameled-iron reflectance standards indicates that they 
are reasonably permanent if used carefully to avoid 
abrasion. Panels that have been stored for a year 
or so develop what appears to be “bloom” (especially 
noticeable on dark colored panels), but this can be re- 
moved by washing with soap and water. 

The following recommendations are made for the 
use of the reflectance standards: 1. Before use, always 


REFLECTANCE , PERCENT 


380 480 580 680 780 
WAVELENGTH , mu 


wash standards with soap and warm water, rinse and 
dry with a clean towel. 2. Handle carefully to avoid 
abrading the surfaces. One or two deep scratches are 
not as serious as a large number of small, almost im- 
perceptible ones. 3. Do not attempt to do accurate 
tristimulus colorimetry of materials having spectral 
selectivity very much different from the standards. 


Radioactivity Slide Rule 


The scientist or technician concerned with the meas- 
urement of radioactivity is always confronted with the 
necessity of knowing the strength of a source at some 
particular time other than at which it was last measured. 
This requires knowledge of the half-value period, or 
decay constant, from which the decay correction-factor 
can be computed by the conventional formula. To fa- 
cilitate this procedure, J. L. Herson of the Radioactivity 
Laboratory at the National Bureau of Standards has 
devised a special slide rule as an effective time saver 
when many computations of decay factors are involved. 

The slide rule includes two scales laid off side by 
side and properly chosen to provide a graphic com- 
putation of the relationship expressed in the usual de- 
cay-correction formula. The bottom scale, L, consists 
simply of a uniform scale of arbitrary length graduated 
from 0 to 1. The upper scale, M, is derived from an 
intermediate scale in the following manner. The en- 
tire length—same as scale [—is taken to be 0.301 (log 


2) with the left and right ends designated 1 and 2 re- 
spectively. Subdivisions are located at distances from 
the left corresponding to the logarithms of the respec- 
tive numbers. This scale, inverted end for end and 
with the numbers divided by 2, becomes the M scale. 

In use, the slider is moved to the division on the L 
scale corresponding to the fraction of half life, i. e., 
t/tn, where t is the elapsed time, and ty is the half life 
of the activity. The refnaining fraction of the activity 
is then read on scale M. 

Scale L will be recognized as the usual uniform scale 
on the conventional slide rule. Therefore, by adding 
an M scale to the standard slide rule, computations of 
the decay factor can be made in two simple steps using 
only the numbers ¢ and &. The reduction in the num- 
ber of steps and the effective spread of the scale ex- 
pedites the computation and provides greater accurecy 
in determining radioactivity decay factors. 


A special slide rule for radioactivity measurements has been designed by representing graphically the relationship 


expressed in the conventional decay-correction formula. 
tivity decay factors. 


The slide rule greatly facilitates computation of radioac- 
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NBS research in radiation physics has now been ex- 
tended into the realm of extremely high energies: A 
5(-million-volt betatron has just been installed in the 
Bureau’s new betatron laboratory, and a 180-million- 
volt synchrotron will be installed next year. Both ma- 
chines produce high-energy X-rays by bombarding a 
metal target with highly accelerated electrons, and 
beams from these machines may also be used directly 
as intense sources of high-energy electrons. 

Both the betatron and the synchrotron are an integral 
part of a broad NBS program of research into nuclear 
and radiation phenomena. Work in this field is cen- 
tered in the NBS Radiation Physics Laboratory and 
covers nuclear physics, radioactivity, X-rays, betatron 
research, nucleonic instrumentation, and radiological 
equipment. 


Fundamental Research 


All work in the Radiation Physics Laboratory in- 
volves a certain amount of basic research. However, 
several investigations are under way which, although 
directly related to atomic energy and medicine, are of 
primary significance in furthering an understanding of 
the physical laws involved in the interaction of radia- 
tion with matter. 

One of these projects is the determination of logical 
standards for free-air ionization measurements with 
X-ray energies below 15 or 20 kilovolts. Several new 
ionization chambers have been developed, but the prob- 


The beryllium-window X-ray tube is one of the develop- 
ments that has increased the need for adequate methods 
of measuring low-voltage X-rays. An end-grounded tube 
is mounted for study on a movable support that contains 
a solenoid shutter control and filter holder. The output 
of beryllium-window tubes is 10,000 times the output of 
ordinary X-ray tubes. 
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Radiation Physies ¢ 
of Si 


A 50-million-volt betatron (A and B) ex- 
tends NBS high-energy research into the 
region between 2 and 50 million electron 
volts. This program has four main as- 
pects: Shielding and protection, medical 
applications, industrial applications, and 
basic physical properties. 


lem is still only partly solved. With X-ray energies 
of a million volts or more, the transformation of X-ray 
photons into pairs of positive and negative electrons 
(pair production) becomes important, and the pene- 
tration of secondary radiations is as great as the pri- 
mary. This upsets the radiation equilibrium that ordi- 
nary ionization chamber measurements require, and 
new methods of dosage measurement must be found. 
The application of cavity ionization chambers to the 
measurement of very penetrating radiations is one pos- 
sibility that is receiving close study; another prospect 
is the development of ionization chambers with ex- 
tremely thin walls. An adequate method for radiation 
measurement in the high-energy region may involve a 
redefinition of the unit of X-ray dosage, the roentgen, 
and Bureau scientists are studying the problem both 
experimentally and theoretically. 

Present knowledge of the attenuation of radiation by 
heavy barriers has been derived from work with nar- 
row beams of X-rays, since broad beams are not 
amenable to direct theoretical analysis. This narrow- 
beam information is valuable, but not entirely adequate. 
When a broad beam of X-rays strikes a wall, scattering 
effects make the wall less efficient as a protective barrier, 
and the application of narrow-beam data to wide-beam 
conditions will result in a misleadingly high estimate of 
the protective value of the wall. To investigate this 
problem thoroughly under controlled conditions, an 
experiment was arranged in the Radiation Physics 
Laboratory: Beams up to 4 feet in diameter, from the 
1.4-million-volt X-ray tube were directed against bar- 
riers of various thicknesses. With this arrangement it 
has been possible to make an exact determination of 
the distribution of radiation emerging from lead up to 3 
inches thick and concrete up to 4 feet thick, so that safe 
barriers can now be designed for use with broad X-ray 
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The new betatron laboratory (C) is spe- 
cially designed for high-energy research 
with walls of reinforced concrete varying 
in thickness between 2 and 8 feet. For 
studies of protective shielding, beams can 
be passed into a radiation room through 
barriers up to 10 feet thick. 


beams. Closely coordinated with this experimental 
program is a theoretical study of the multiple scattering 
of radiation. The objective is a detailed understanding 
of the progressive transformations (pair production, 
Compton scattering, and photoelectric absorption) that 
X-rays from betatrons and synchrotrons undergo in 
traveling through matter. 

Another part of the Bureau’s fundamental research in 
radiation physics is the collection and evaluation of 
nuclear data. Tables of nuclear data are now being 
published, and the information they contain will be the 
subject of a continuing review to keep them abreast of 
new progress in nuclear physics. 

A second long-term project is the study of the ioniza- 
tion of liquids by radiation. Liquids whose properties 
are closely related to those of living tissue can help in 
predicting the biological effects of radiation. Con- 
siderable progress has been made in these studies, but 
application must await more detailed results on the 
physical mechanisms of liquid ionization. 

A whole new set of problems have been presented by 
high-intensity X-rays (of the order of 10° roentgens per 
minute). Special beryllium-window X-ray tubes can 
produce these high intensities, and their usefulness in 
physics and biology makes the problem of dosage 
measurement quite important. High-intensity radia- 
tions cannot, however, be measured with adequate pre- 
cision by ordinary ionization methods. For that 
reason, gas ionization by high-intensity radiation is an 
active topic in NBS radiation research. 

Also in the high-energy field is a positive ion tube 
now being developed by NBS, which will give a large 
yield of 17-million-volt X-rays. Since the tube can 
produce neutrons, the application of thimble chambers 
to neutron measurements is a problem it will help to 
explore. 


Applied Research 


Several NBS projects in radiation physics fall in the 
category of applied research. Notable among these 
is a study of the radiation response of photographic 
emulsions. This work in film sensitometry includes 
a wide variety of X-ray films used for personnel moni- 
toring and radiation surveys. Film calibrations are 
now made over the range from 5 to 1,400 kilovolts, and 
the new betatron will soon extend this to 50 million 
volts. 

The study of X-ray protective materials is another 
phase of applied research that is carried on by this 
Bureau as a service to the Government and the public. 
For example, protective glass used for windows in 
X-ray treatment rooms is normally made with, high 
percentages of lead or barium. Industrial develop- 
ments along these lines are constantly under way, and 
samples of protective glass are tested by this Bureau 
with X-rays of all energies. 

A Bureau study of X-ray equipment and accessories 
for general hospital use is conducted with support from 
the Veterans Administration. The Bureau is carrying 
on the development of highly specialized X-ray equip- 
ment for field and advanced hospital use by the Armed 
Forces. Limitations of field X-ray equipment used in 
World War II are being overcome, and new equipment 
is being developed to meet the changing needs of the 
military services. 

The Bureau is active in the formulation of radiation 
protection codes and recommendations and is the prin- 


A graphite pile is used for comparing secondary stand- 
ards of neutron radiation with the National Neutron 
Standard recently developed by the Bureau. Detecting 
foils (lower center) inserted into the pile on the graphite 
rods measure neutron intensities at various distances 
from the standard. The foils become radioactive under 
neutron bombardment. 
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Precise x-ray dosage measurements require standard ionization chambers. 
free-air, guarded-field chamber for 50—200 ky radiations. 


The NBS primary standard (A) is a 


Large cavity ionization chambers (B) provide secondary 


standards for calibrating portable measuring instruments like the Victoreen r-meter (C) shown with lucite 


equilibrium shells for 100 kv to 20 my radiations. 


cipal sponsor of the National Committee on Radiation 
Protection. The scope of this Committee’s activities 
has been considerably enlarged with the advent of 
atomic energy, and its subcommittees are now involved 
in all phases of radiation protection and shielding. 


Radiation Standards 


Accurate and useful standards for X-rays and radio- 
active substances are a continuing Bureau responsi- 
bility. In the range from 90 to 200 kilovolts, the NBS 
radiation physics laboratory maintains a_ free-air 
euarded-field ionization chamber used mainly to cali- 
brate thimble chambers for use in medical work. The 
Laboratory also performs calibrations with very soft 
radiations in the range from 5 to 90 kilovolts. 

Above 200 kilovolts, the Bureau maintains the only 
existing standard ionization chamber for calibrating 
dosage meters. The standard chamber, operating with 
air pressures up to 150 pounds per square inch, meas- 
ures million-volt X-rays and gamma rays from radium. 
The laboratory is using this chamber to determine emis- 
sion constants for radium and other radioactive ma- 
terials. 


photographic film darkening under high-energy electron 


radiation. Films calibrated in this way can be used by 
radiation workers to monitor the electron dosage they 
receive. 
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There is an adjustable free-air guarded-field ioniza- 
tion chamber, with a maximum plate spacing of about 
1 meter, available for direct free-air measurements of 
radiations up to 500 kilovolts. In the million-volt 
region, quality and intensity of radiation depend on 
the angle with which the radiation leaves the target, and 
in order to duplicate the conditions found in medical 
and industrial installations, measurements are made 
with a standard ionization chamber placed at selected 
angles from 0 to 90 degrees with respect to the cathode- 
ray beam. 

Dosage meters for measuring radiation at energies 
up to 200 kilovolts are also included. Meters of the 
condenser, integrating, and direct-reading type are 
studied and calibrated, and sensitive ionization instru- 
ments used for personnel monitoring are calibrated for 
exposures as low as 0.001 roentgen. 

For several years, radioactive solutions and ore 
samples have been prepared to furnish reference stand- 
ards for measurement in industry and medicine, and 
recently standard samples of phosphorus 32, cobalt 60, 
and iodine 131 have been added to the list. Other 
radioactive isotope standards are now being developed. 
Related to this work is the NBS radon analysis service. 
Air and breath samples suspected of containing radon 
are sent to the Bureau for measurement. Prompt anal- 
ysis of these samples determines the amount of radio- 
active material absorbed by radium workers and moni- 
tors the atmosphere in radium plants. 


Facilities 


The varied projects pursued in the field of radiation 
physics require a wide range of advanced research 
apparatus. Most of the laboratory work is carried on 
in a five-story building designed especially for radiation 
studies. Individual laboratories occupy the front part 
of the building, but the main working area is a trans- 
former bay, 60 feet high, 132 feet long, and 65 feet 
wide. A part of the large bay is occupied by a 1.4-mil- 
lion-volt, direct-current generator of the transformer- 
rectifier type, capable of delivering 15 milliamperes 


continuously or 25 milliamperes intermittently. The 
rectifier can be reversed in polarity, so that the high 
voltage end is either positive or negative. A wire re- 
sistance voltmeter-multiplier is used for measuring 
and controlling the output voltage with high accuracy, 
and the rectifier can be connected alternately to (1) a 
pumped electron-accelerating tube; (2) a pumped 
X-ray tube with a transmission or reflection target; (3) 
a pumped ion tube with a high intensity source; (4) 
other high-voltage accelerators. Also in the large bay 


are a 250-kilovolt, constant-potential generator with a 
fine-focus, shielded X-ray tube; a 140-kilovolt fluoro- 
scopic set; two 125-kilovolt constant potential genera- 
tors with reversible polarity, and the High Voltage 
Group’s 2-million-volt impulse generator. 


Among radioactivity standards prepared and certified by 
the Bureau are samples of the radioactive isotope cobalt 
60 (above) and the Ra D+E beta ray standard (lower 
left). For comparison with the standard, unknown de- 
posits are mounted on blank disks (lower right), which 
produce an identical back-scattering effect. 


On the third floor of the laboratory building there is 
a 250-kilovolt constant-potential X-ray installation 
with a shielded control room, used primarily for 
standardization work. This installation may be used 
with any of a number of tubes: for example, a 200- 
kilovolt beryllium-window oil-cooled tube or a 250- 
kilovolt fine-focus tube. There is also a 60-kilovolt, 
100-milliampere, constant-potential set used with a 
high-intensity beryllium-window X-ray tube. On this 
floor is a laboratory devoted primarily to studies of 
high-voltage X-ray equipment. Included are several 
miscellaneous devices in the 100-kilovolt region, to- 
gether with special electrical testing and radiation 
measuring equipment. In addition the theoretical 
group and equipment for the study of ionization of 
liquids and solids are housed on this floor. On 
the next floor is an instrument development laboratory 
devoted to the development of special scintillation 
counters and associated recording equipment. The 
Atomic Energy Commission Radiation Instruments 
Branch is also located in this building. On the same 
floor are a complete photographic dark-room with 
temperature-controlled processing equipment and 
facilities for special photographic work, a small chemi- 
cal laboratory, and an instrument shop for special 
machining. 

The betatron laboratory occupies a new building 
that has a bay 60 feet long by 25 feet wide by 30 feet 
high to house the 50-million-volt betatron and the future 
180-million-volt synchrotron. In this building special 
attention has been devoted to facilities for large-scale 
attenuation studies. Beams can be passed into a 
radiation room through any type of shield up to 10 feet 
in thickness. The beam can also be taken outdoors for 
a distance of about 500 yards. 

The radioactivity laboratories, engaged in the 
measurement of radioactive samples, preparation of 
isotopes, the development of special counting equip- 
ment, beta-ray spectrometry, and radon air sampling, 
are located in other buildings. Through cooperative 
arrangements, the National Bureau of Standards has 
additional facilities at its disposal in other Washington 
research institutions. 


Casting Resin 


As a result of National Bureau of Standards research in 
specialized electronic components, a casting resin has been de- 
veloped to improve the stability and ruggedness of electronic 
circuits. These circuits are built without chasses for the sake 
of lightness and compactness, and are often mounted in a pot- 
ting compound for added protection. Low shrinkage during 
polymerization, low viscosity, low coefficient of expansion, low 
dielectric constant and power factor, and high leakage resist- 
ance are among the requirements that must be met by a 
resin for this purpose. A new NBS circular describes the pro- 
cedures that were followed in preparing the NBS casting resin 
and presents data on its properties. 

Circular 493, Development of the National Bureau of Stand- 
ards Casting Resin, is available from the Superintendent of 
Documents, U. S. Government Printing Office, Washington 25, 
D. C., for 10 cents a copy. 
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Rolling Mill 


A new 2-high, 16- by 24-inch rolling mill recently in- 
stalled at the National Bureau of Standards takes 4-inch 
ingots or plate and can be used for both cold and hot 
rolling. It is equipped with a pair of internally steam- 
heated rolls that will permit such work as the rolling of 
magnesium alloys in a temperature range of 400° to 
600° F. Provision is also made for raising and lowering 
the rolls electrically without manual adjustment (motor 
drive, top of structure). A hydraulic system provides 
support for the roll bearings. 


Foundry 


Important changes have also been made in the NBS 
foundry, which now has (above, left to right) a 100- 
pound vacuum furnace, a 650-pound tilting furnace, a 
300-pound tilting furnace, and a 200-pound lift-coil 
furnace. A separate fireproof and dustproof enclosure 
(background) houses two new sets of capacitors and 250- 
kilowatt generators for operating the furnace. 


Oil Holes and Grooves in Plain Journal 
Bearings 


The comparative performance of plain journal bear- 
ings having various arrangements of oil holes and 
grooves, operating in a four-bearing friction machine 
with forced-feed lubrication, was recently determined * 
by S. A. McKee and H. S. White of the Bureau’s engines 
and lubrication laboratory. This investigation, part of 
a research program on plain-journal-bearing lubrica- 
tion sponsored by the National Advisory Committee for 
Aeronautics, has provided much useful knowledge on 
different methods of bearing lubrication. 

In the lubrication of journal bearings, the method of 
admitting oil to the bearing constitutes an important 
problem in design. Fundamentally, the concept of the 
load-carrying film indicates that it is desirable to avoid 
oil holes or grooves that interfere with the normal de- 
velopment of hydrostatic pressure to support the load. 
In some bearing installations, however, it is not always 
possible to satisfy this requirement. For example, 
where loads on the bearings are fluctuating in both in- 
tensity and direction, it is sometimes impracticable to 
apply the oil to the unloaded side throughout the com- 
plete load cycle. In other cases, provision must be 
made for a continuous flow of oil to some other moving 
part. 


5 For further technical details, see Oil holes and grooves in plain journal 


bearings, by S. A. McKee and H. S. White, ASME Paper No. 50-S-9. 
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The investigation covered five different arrangements 
for feeding oil through the bearing shell. These in- 
cluded one hole at the center of the unloaded side; two 
holes, one each on the loaded and unloaded side; four 
holes, each 45 degrees from the line of the load; one 
axial groove at the center of the unloaded side; and one 
circumferential groove. Tests were also made with 
three arrangements for feeding oil from the center of a 
hollow shaft—that is, one and two oil holes in the shaft, 
and a one-oil-hole arrangement terminating in a flat 
that extends along the surface of the shaft for one-half 
the bearing length. For all these arrangements each 
hole or groove was in the axial center of the bearing and 
was connected to the source of oil supply. 

The four-bearing friction machine, developed and 
used in former investigations at the National Bureau of 
Standards, consists essentially of four similar test bear- 
ings enclosed in a housing and mounted on a common 
shaft. The complete unit of bearings and housing acts 
as a cradle dynamometer. Loads are applied by 
hydraulic jacks that form the base of the housing. 
The frictional torque is measured by a dynamometer 
scale acting through a torque arm fitted to the housing 
and an automatic device, provided in the hydraulic 
system, releases the load under the high-torque condi- 
tions that occur near bearing seizure. 


The test shafts were carburized steel, heat treated to 
hardnesses ranging from 55 to 61 Rockwell C and 
ground to a surface roughness ranging from 4 to 5 
microinches (rms profilometer). The journal diam- 
eters were measured at each of the four journals on 
each shaft. The test bearings, of solid-steel sleeves with 
copperlead linings, were pressed in the bearing retain- 
ers, rough-bored in a lathe, assembled in the housing 
swivels, and then finished to size with a reamer having 
a single cutting edge. Bearing diameters were meas- 
ured at the axial center and near each end. The nom- 
inal dimensions were a shaft diameter of 2 inches and 
a 14-inch bearing length. With each oil-feed arrange- 
ment, two sets of bearings of different clearance were 
used. These provided D/C ratios of 663 and 403, 
where D is the journal diameter, and C is the diametral 
clearance. An SAE 20 motor oil was used in all the 
tests and was maintained at an oil-inlet temperature of 


200° -F 
Friction and Capacity Ratings 


In order to obtain characteristic friction data with 
a minimum of change in bearing surface, tests with each 
set of bearings were first made in the region of stable 
lubrication at the higher values of the generalized op- 
erating variable, ZN /P, where Z is the absolute viscosity 
of the lubricant, V is the speed of the shaft, and P is the 
pressure on the projected area of the bearing. Each 
test run was made at a constant speed with a number 
of successively larger constant loads, obtained by in- 
creasing the load at intervals during the run. The ap- 
paratus was “warmed up” before the start of each test 
run, and the data were obtained with the bearings in a 
steady state of temperature distribution. 

After the tests at high ZV /P, the range of operation 
with each set of bearings was extended to cover the 
low values of ZN /P at and below the point of minimum 
coefficient of friction, f. Speed and oil flow were held 
constant, and the load was increased until unstable 
lubrication was reached. Under these operating con- 
ditions the bearings tend to change with continued 
running, hence four consecutive runs under a given set 
of conditions were made with each set of bearings. 

Friction data were obtained in the first and fourth 
test runs with all bearing arrangements operating at 
2,030 revolutions per minute and with 15 cubic inches 
per minute oil flow. In these tests the bearings were 
operated at a given load for a period of 2 minutes, and 
observations of the frictional torque were made at 
l-minute intervals. When operation was in the region 
of stable lubrication, the second torque reading was 
either equal to or lower than the first. As the loads 
were increased, however, the bearings eventually 
reached the unstable operating condition where the 
second torque reading was higher than the first; namely, 
where the friction increased with an increase in tem- 
perature. 

The critical values of ZN/P at which these transi- 
tions occur are used for rating the different types of 
bearings. The ratings are based on the values for the 
fourth run with each set, because the first run may be 
affected by the condition of the original surface finish. 


These ratings provide an indication of the relative load- 
carrying capacity of the bearings when operating under 
the given conditions. 


Thermal Behavior 


Data pertaining to the thermal behavior of these 
bearings were obtained in the tests at high ZV /P values 
under a steady state of temperature distribution. In 
the analysis of these data consideration is given to the 
total heat supplied to the bearing. Since the oil-inlet 
temperature was higher than the ambient temperature, 
the temperature rise of the bearings was dependent 
upon both the heat generated by shearing the oil in the 
bearings and the heat delivered by the oil entering 
the bearings. The thermal data obtained with all the 
sets of bearings indicate that, under the conditions 
covered, the heat-dissipation characteristics of the 
bearings were dependent chiefly upon the rate of oil 
flow through the bearings and were practically inde- 
pendent of clearance or the type of hole or groove used. 

‘Measurements of the rate of oil flow at various oil- 
feed pressures were made also with each set of bear- 
ings when operating at a given load and speed. Since 
the rate of heat dissipation of the bearings depended 
chiefly upon the rate of oil flow through the bearings, 
data obtained in this phase of the investigation give an 
indication of the relative heat-dissipation character- 
istics of the bearings tested under the operating con- 
ditions covered. However, these relative values are not 
necessarily applicable to other conditions. 

The influence of the various arrangements of oil holes 
and grooves upon the behavior of the bearings is as 
follows: 


Friction ratings, load-carrying capacity ratings, and other 
performance data have been determined for a variety of 
plain journal bearings having different arrangements of 


oil holes and grooves. <A four-bearing experimental fric- 
tion machine previously developed at the Bureau was 
used in this work. 
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Ratings of bearings 


Friction ratings Load-carrying capacity ratings 
First run Fourth run 
: ; Bearing 
Design of oil feed Average 
of Average 5 
S| ZNIP=10 | ANIP=70| “A rtor | Af10T | Rating «| Critical | AVEC | Critical | AV8T#2° | Rating » 
Af Af Schiset each ZN/P evitical ZN/P critical 
es ais design ZN/P 6 ZN/P. 
for each | tor each | for each | for each 
set design set design 
¢ é 31 0. 00101 0. 00149 0. 00125 3.2 - p Sarg 
1 hole in bearing------.------.- { 51 00106 “00164 00135 to. 00130 A { 3.1 \ 3.2 { 1.6 \ 1.6 A 
F 5 32 . 00126 . 00187 . 00158 — Bed 2.6 
2 holes in bearing. ----.-------. { 52 “00113 00159 00136 - 00147 B { 3.8 \ 3.5 { 2.8 \ 2.7 B 
ce rn * 33 . 00101 . 00143 . 00122 3.3 er 
Axial groove in bearing _______- { 53 00101 00149 "00125 i 00124 A { 25 \ 2.9 { 12 \ 1.4 A 
9G . 34 . 00125 . 00165 . 00145 5.0 3.4 
4 holesiini Darin gas sss ss= { 54 00115 00166 00141 }- 00148 B { 3.9 \ 4.4 { 3.3 \ 3.4 Cc 
Ane pen 35 . 00186 . 00340 . 00263 4.2 2.4 
Circum. groove in bearing _____ { 55 “00149 00284 9n217 he 00240 C { 49 } 4.2 { 39 \ 2.8 B 
. $31 . 00109 . 00166 . 00138 2.2 1.8 
1 hole in shaft .. .-----------.-- { S51 "00107 ‘90162 | .00134 3 00136 | AorB { 3.0 } 2.6 { 1.8 \ 1.8 A 
$32 . 00112 . 00169 . 00140 io eine 2.0 ¢ 
2 holes in shaft.-.-------------- \ $52 ‘00t11 "00181 ‘00146 s ogiss By (3.0 } 2.8 { 1.8 \ 1.9 A 
: . $33 . 00137 . 00153 . 00145 i eee = 5.5 
1 hole with flat in shaft ______- ee nee NelAiee aceite Al eee Bo re | oN oe ee D 


2 Based on average Affor each design. 
b Based on average critical 7N/P for each design. 


One oil hole in bearing. With this arrangement, the 
absence of holes or grooves on the loaded side of the 
bearing permits normal development of pressure in the 
oil film. Consequently, the bearing has relatively low 
friction and low ZN /P at transition between stable and 
unstable lubrication. While the single hole does not 
allow the highest oil flow, it would probably provide 
adequate heat dissipation for most conditions. 

Two oil holes in bearing. The single hole on the 
loaded side with this arrangement apparently disturbs 
the normal development of pressure in the oil film, caus- 
ing a measurable increase in friction and in ZN/P at 
the transition point. The particular location of the oil 
hole on the unloaded side is adverse from the standpoint 
of oil flow; hence the rate of heat dissipation is some- 
what lower than for the arrangement with one hole in 
the bearing. 

Axial groove in bearing. This arrangement apparently 
provides a slightly better distribution of oil for the de- 
velopment of the load-carrying film than the arrange- 
ment with one hole in the bearing. Consequently, the 
bearing has low friction and lowest critical ZN/P, and 
the high oil flow provided is advantageous where forced 
cooling is necessary. 
Four holes in bearing. 


The two holes on the loaded 


side disturb the development of pressure in the oil film” 


to a greater extent than the arrangement with two holes 
in the bearing. Critical ZN/P, is higher, but the fric- 
tion is comparable. The two holes on the unloaded 
side are not in advantageous positions, and the oil flow 
and rate of heat dissipation are comparable to the 
arrangement with one hole in the bearing. 
Circumferential groove in bearing. The groove divid- 
ing the bearing into two narrower parts increases the 
friction and causes a relatively high critical ZN/P. 
The high friction is counteracted by high oil flow and 
rate of heat dissipation. 
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One oil hole in shaft. The passage of one oil hole across 
the loaded portion of the oil film has little effect on 
both friction and critical ZN/P, which are only slightly 
higher than for the arrangement with one hole in the 
bearing. When the hole is exposed to some portions 
of the loaded area, the oil feed is practically shut off. 
Consequently, this arrangement results in the lowest oil 
flow and rate of heat dissipation. — 

Two oil holes in shaft. With two oil holes for each 
journal, the disturbance to film-pressure development 
occurs twice in a revolution, resulting in slightly higher 
friction and critical ZV/P than with the arrangement of 
one hole in the shaft. The two holes also provide a 
greater oil flow and rate of heat dissipation. In this 
respect it is comparable to the arrangement with two 
holes in the bearing. 

One oil hole with flat in shaft. The flat at the end of 
the oil hole causes considerable disturbance to the de- 
velopment of pressure in the oil film, increases the 
friction, and markedly increases the critical value of 
ZN/P. The oil flow and rate of heat dissipation are 
higher than in the arrangement with one hole in the 
shaft without the flat but not sufficient to counteract 
the effect of high ZN/P at transition from stable to 
unstable lubrication. 

The results of these tests apply directly to unidirec- 
tionally loaded bearings for the particular range of 
conditions covered. The indicated differences between 
the various arrangements are not necessarily indicative 
of more complex conditions where the load varies in 
both intensity and direction with respect to the bear- 
ings. It is believed, however, that the relative values 
obtained may be useful qualitatively in estimating the 
over-all effects of various arrangements of holes or 
grooves under more complex loading conditions, 
especially if proper consideration is given to conditions 
present throughout the complete load cycle. 


Preparation and Properties ot High-Temperature 
Concretes 


Refractory castables, heat-resistant concretes made 
of a refractory aggregate bonded together with a high- 
alumina hydraulic cement, are being increasingly util- 
ized in a variety of applications over a wide range of 
temperatures. Typical installations range from the 
combustion chambers of oil-burning home-heating 
furnaces to the huge heat-treating furnaces in steel 
plants. With the recent introduction of a more refrac- 
tory bonding cement for this material, its field of use- 
fulness may be expected to increase still further. 

To meet the need for comprehensive data on the 
preparation and proper use of castable refractories, 
R. A. Heindl and Z. A. Post of the National Bureau of 
Standards are conducting a comprehensive investiga- 
tion ® of their properties. Results thus far obtained 
should be of interest to manufacturers of refractory 
materials as well as those industries that use these ma- 
terials in furnace construction. 

Refractory castables usually employ crushed and 
sized fire-clay brick grog as the aggregate. However, 
other aggregates have been used in limited quantities; 
among these are trap rock, blast furnace slag, topaz, 
bloated clay, chrome ore, and vermiculite. The bond- 
ing cement is primarily a calcium aluminate, rather 
than a combination of calcium silicates as in portland 
cement. It thus has high early strength and greater 
resistance to high temperatures. The initial strength 
is developed because of the setting of the water-cement 
mixture; but if the castable is used at high temperatures, 

® For further technical details, see Refractory castables, preparation and 


some properties, R. A. Heindl and Z. A. Post, J. Am. Ceramic Soc. (2525 
North High St., Columbus 2, Ohio) 33, 230 (1950). 


Heat resistance of high-temperature concretes is ex- 
pressed as the pyrometric cone equivalent (PCE). This 
is determined by comparing the softening temperature 
of a small cone of the material with that of a standard 
cone. A pat containing the cones is being placed in the 
furnace for a determination. 
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CEMENT TO WATER RATIO 


Effect of varying the quantity of mixing water on the 
compressive strength of a refractory castable. A cement- 
water ratio between 1.70 and 1.80 appears to be the most 
desirable for this particular mixture, which contains 25 
percent of domestic high-alumina cement and 75 percent 
fireclay-brick aggregate. @, 24 hours, 95 percent 
humidity; O, heated 24 hours at 110° C. 


its ultimate strength will be due to fusion of the cement 
into a ceramic bond. 

In the Bureau’s investigation two different cements, 
one domestic and one imported, have been used. Al- 
though the domestic cement was the more heat-resistant, 
the imported product had greater final strength as well 
as a more rapid increase in strength during the initial 
setting. Two different aggregates, crushed calcined 
flint clay and crushed fire-clay brick, were combined in 
turn with each cement. The bulk densities of a great 
number of such mixtures having different size distribu- 
tions of aggregates were systematically determined, and 
the data were used to select the range of particle size 
giving maximum density of the mixture without ex- 
cessive loss of aggregate in the crushing process. 

The pyrometric cone equivalent (PCE), an index 
of refractoriness, was 14 for the domestic cement, 10 
for the imported cement, 32-33 for the fire-clay brick, 
and 34-35 for the flint clay. Under the conditions of 
the Bureau’s experiments, these values corresponded 
approximately to softening temperatures of 1,400°, 
1,305°, 1,723°, and 1,773° C, respectively. When 10 
percent of either cement was mixed with the aggregates, 
no differences in the PCE values of the mixtures were 
apparent regardless of the large difference in the heat 
resistance of the two cements. However, when the 
percentage of cement in the mix was increased to 15 
percent, a difference in refractoriness materialized in 
favor of the domestic cement. At this point there was 
a large decrease in the refractoriness of the fire-clay 
brick mixtures, although the heat resistance of the flint 
clay mixtures did not drop sharply until the cement had 
been increased to 25 percent. When the proportion of 
cement reached 30 percent, neither the source of the 
cement nor the type of the aggregate had much effect 
on refractoriness. 
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The temperature of the water used in mixing the 
castables was found to have some effect on the final 
strength, especially if much time elapsed between mix- 
ing and pouring or molding. For example, if the tem- 
perature of the mixing water was 5° C and the mixed 
batch was maintained at 5° C, there was no decrease 
in strength even though the batch remained unmolded 
for as long as 48 minutes. On the other hand, when 
the temperature of the mixing water was 35° C and 
the castable was kept ai that temperature without mold- 
ing until 48 minutes had elapsed, the strength was but 
one-third that of the batch treated at 5° C. 

As a result of these preliminary investigations, a 
method for preparing test specimens was adopted. The 
ingredients were blended by a procedure consisting of 
1 minute of dry mixing, the addition of water at 15° C, 
and 2 minutes of wet mixing. The mix was then molded 
into cubes containing 10 to 30 percent of cement and 
was cured at 95-percent humidity and 21° C. 

In studies of mixes ranging from those almost too 
dry to mold to those too wet to mold, the cement-to- 
water ratio had a marked effect on compressive strength. 
In addition to being comparatively easy to mix and 
mold, batches made with a ratio between 1.70 and 1.80 


were found to have almost peak strength both before 
and after heating at 110° C. Little compressive 
strength was gained by curing more than 24 hours. 
However, it should be remembered that the curing was 
carried out in a highly humid atmosphere. 

When the proportion of domestic cement was in- 
creased from 10 to 30 percent, the compressive streneth 
after 24 hours of curing increased by amounts ranging 
from about 1,000 to over 7,000 pounds per square inch. 
For the imported cement the values were appreciably 
greater. After heating at 110° C, the compressive 
strength decreased markedly but in most cases was still 
ample for furnace installations. The transverse 
strength usually ranged from approximately 10 per- 
cent to 15 percent of the compressive strength, whereas 
the tensile strength was about 10 percent of the com- 
pressive strength. The transverse strength, however, 
showed little or no change due to heating at 110° C for 
24 hours, in contrast to the large decreases in compres- 
sive strength. In general, it was concluded that higher 
percentages of cement are desirable in furnace installa- 
tions where temperatures are insufficient to form a 
ceramic bond. One the other hand, where tempera- 
tures are high enough for bonding, smaller proportions 
of cement may prove both satisfactory and economical. 
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